Improvement in the control of diabetic patients is aided by a knowledge of blood glucose levels during a 'normal' (non-hospitalised) day. We have devised a 5 ILl capillary tube collection system as a 'kit' for home use by diabetics. Blood collected into 5 ILl capillary tubes is washed into a protein precipitant by the patient. The completed kit is posted to the laboratory for analysis. The technique has achieved a high degree of patient acceptability. Subsequent analysis involves the addition of a single reagent. Reagents, patient samples, and standards are stable, and the precision of the technique compares favourably with our routine glucose procedure.
There is increasing interest in monitoring blood glucose patterns during a normal working day as the advantages of better control are now widely accepted.' Walford et al. 2 have suggested that wide application of home glucose measurements with reflectance meters may be limited by their cost. From our own investigations (unpublished) the use of glucose testing strips without a meter approximately doubles the coefficient of variation of the procedure. There is therefore a case for a laboratory-based determination, as has been discussed by Wakelin et al.S in terms of their filter paper method for measuring glucose. We describe a new approach which involves issuing a 'kit' to the patients who can then obtain blood samples with 5 ILl capillary tubes. The samples are diluted by the patient in protein precipitant and posted to the laboratory for analysis by an adaptation of Trinder's method. 4 Method and material HOME 'KIT'
The patient is supplied with the following: BAJ-340-030K) together with instructions. The total weight of the kit is under 60 g and may therefore be returned to the laboratory by the cheapest rate of letter post in an addressed envelope which we provide.
The protein precipitant is prepared as follows:
Sodium tungstate 10 g Disodium hydrogen phosphate 10 g Sodium chloride 1 .8 g Dissolve in 850 mI of water and then dissolve 1 g of phenol. Add approximately 125 mI of 0·2 M HCI so that the final pH is 3·0 when made up to a volume of 1 litre with water. This reagent, based upon Trinder's original protein preclpitant.! is dispensed (1 .5 mI) into each of the four sample tubes which are then stoppered and sealed with a 1 X S em strip of Sealon film (Alpha Laboratories, 40 Parkham Drive, Eastleigh, Hants SOS 4NU).
The patient removes a sample tube stopper carefully to prevent fluid loss. Blood is collected by 0·338 for the 10, 20, and 30 mmol/l glucose standards, respectively. Appropriate buffering of the protein precipitant is achieved by incorporating 70 gIl disodium hydrogen phosphate in the colour reagent.
Performance of method

STANDARD PREPARATION
Standards with equivalent values (given an initial blood dilution of X 301) of 2' 5, 5, 10, 20, and 30 mmol/l are prepared in protein precipitant from a stock solution with an equivalent concentration of 400 mmolfl (actual glucose weight 239'4 mg/l). Refrigerated standards are stable for at least six months.
The manifold layout is illustrated in Figure 1 . Glass connections have been used wherever possible to minimise absorption of phenol. Carryover; is less than 1% using a sample : wash ratio of 20 to 50 seconds. The sensitivity of the assay has been increased and adapted to a 5 III blood sample by adding colour reagent to the protein precipitantdiluted capillary blood (as collected by the patient) in the ratio of 1'2 : 2·0. The small final volume results in optical densities of the order of 0'105, o· 216, and LABORATORY ANALYSIS In the laboratory the samples received by post are centrifuged at 700 g for 10 minutes. The supernatants are decanted directly into an Auto Analyser cup and measured by a method based on that of Trinder."
The following reagents are prepared:
Protein precipitant: As above (stable for at least one year) Colour diluent:
Disodium hydrogen phosphate 70 g Sodium chloride 1.8 g Make up to 1 litre with distilled water. Crystallisation does not occur if this is stored at room temperature in polythene. Colour reagent:
(4-aminophenazone/glucose oxidase/peroxidase).
One vial of lyophilised preparation Glucose Reagent for Discrete Analysers (BDH Chemicals Ltd, Poole, Dorset BHl2 4NN) is dissolved in 50 m1 of colour diluent. Glucose Dry Reagent (Instrumentation Laboratory (UK) Ltd, Kelvin Close, Birchwood Science Park, Warrington, Cheshire WA3 7PB) is equally suitable. With our diluent, the colour reagent should be filtered before use. capillary action into a 5 !J.l capillary tube after finger prick. The filled capillary is immediately dropped into a sample tube, the stopper is replaced, and the tube is shaken vigorously for 15 seconds or until all the blood is completely washed into the protein precipitant. Time and dates of collection are recorded in appropriate boxes on a 'tear-off' section of the instruction sheet. Fig. 3 the glucose results from whole blood coIlected into capillaries are compared with those from plasma coIlected into capillaries from the same 'fluoride' samples.
WITHIN-BATCH cv : PATIENTS Ten randomly selected patients were shown the collection technique. Each patient was then given, as needed, 15 flJ drops of blood on a dish from a 'fluoride' specimen of whole blood. They each had two practice attempts at the procedure under supervision before collecting 10 sample tubes each without help. The latter were analysed. A withinbatch coefficient of variation (CV) was calculated for each patient which lay between 3 % and 6 %. Skilled laboratory personnel could reduce this to 2 %. BETWEEN-BATCH cv : CONTROLS Two serum samples (mean values 9· 2 and 14·6 mmol/l) and an aqueous control (IO mmoljl) were coIlected in capillaries before each of 20 weekly batches and analysed by one of two individuals. The CVs were 4'4%,3'0%, and 3'0%, respectively.
STABILITY OF SAMPLES
The mean glucose concentration 02'0 mmolrl) of whole blood capillary samples (n = 20) within the range 3· 5-26 mmoljl did not fall during weekly observations over one month. Although the capillaries were filled from whole blood in 'fluoride'
Williams, Davies, and Child tubes the 'fluoride' was diluted out 301 times by protein precipitant.
Discussion
Of the several non-venesection methods of home coIlection of blood for glucose assay, the common problem concerns the means of obtainmg a precise blood volume. The procedure of Howe-Davies et al.' attempts to overcome this problem but introduces an additional sodium assay. Filter papers 9 is prone to imprecision from both over-and under-saturation of the paper, and the step of punching out the paper disc may itself account for a CV of 3 %. 3 were not wiped. Five-microlitre capillary tubes fill with fresh blood in a few seconds and are not troubled by air bubbles or clotting under these conditions. This very small volume of blood is easily obtained.
Excluding people with relevant physical defects, we find that any patient who is willing to draw his own blood may learn to coIlect 5 ILl capillaries satisfactorily. It is important for the patient to understand that fluid must not be lost from the sample tube and that the capillary is shaken sufficiently within the sample tube to wash out all the blood. Of the first 500 tubes returned less than 1% have been rejected owing to failure to wash out the capillaries.
Considerable variation has been reported between whole blood and plasma glucose values.'! Our mean plasma to whole blood ratio of 1'12 : 1'0 is in keeping with the theoretical ratio of 1·11 : 1.0 11 and the findings of Tustison et al. 12 Some allowance should be made by clinicians for individual variation arising from such factors as haematocrit.
Kits may be prepared at the rate of 10 per hour using computer-printed instructions and labels. Sample tubes are labeIled A to D together with a common code number unique to each kit. Filling in appropriately coded boxes on the 'tear-off' section ( Fig. 4) of instruction sheets avoids the difficulty of writing on the smalI sample tubes. Sealed sample tubes were found to lose l' 8% of precipitant fluid weight per month, and this should be borne in mind when preparing kits in advance of needs. The preparation of the kits must be accepted as a drawback. On the other hand, except for filling sample tubes with protein precipitant, it is not necessary for this work to be carried out by skilled laboratory personnel.
In terms of precision, analytical simplicity, sample volume, and stability, we have found this procedure satisfactory and suggest it as an alternative to whole blood glucose collections on filter paper.
